INTRODUCTION
Questionnaire and interview based studies among the mentally retarded show that approximately 15±50% of adults (Brylewski and Wiggs 1998; Espie and Tweedie 1991) and 30±67% of children (Clements et al. 1986; Quine 1991) have sleep problems. Most commonly these include settling diculties, lengthy periods of night waking and early waking (Clements et al. 1986; Quine 1991; Brylewski and Wiggs 1998) . Sleep disturbances among the mentally retarded are known to be highly persistent (Quine 1991) and extremely distressing to the family members and care takers (Bartlett et al. 1985; Quine 1991; Wiggs and Stores 1996) .
It is known that mental retardation often coexists with locomotor disability, epilepsy and visual problems (Airaksinen et al. 2000; Goulden et al. 1991; Suzuki et al. 1991) . These impairments are known to induce sleep disturbances in intellectually normal people (Leger et al. 1996; Levi et al. 1995; Little et al. 1989; Shouse and Mahowald 2000) . However, little is known about their role in the sleep disturbances of the mentally retarded. Thus, it remains open as to what degree the high sleep disturbance rates are the result of the potentially sleep aecting associated neuroimpairments or because of some other factors such as the mental retardation itself.
SUMMARY
The objective of the present study was to evaluate the relationship between the sleep± wake behaviour and neurological impairments among mentally retarded people. The sleep±wake behaviour of 293 mentally retarded subjects living in a rehabilitation center was studied by a standardized observation protocol carried out by trained sta members. The protocol consisted of brief check-ups of the subjects' sleep±wake status at 20-min intervals for ®ve randomly chosen 24-h periods during 4 months. From the raw data ®ve sleep±wake behaviour variables were formed. The data concerning the subject characteristics (age, body mass index (BMI), gender, degree of mental retardation, presence of locomotor disability, that of epilepsy, blindness or deafness and the usage of psychotropic medications) were collected from the medical records. Two main ®ndings emerged: (1) severe locomotor disablity, blindness and active epilepsy were found to be independent predictors of increased daytime sleep and increased number of wake±sleep transitions and (2) the subjects with a combination of two or all three of these impairments had a signi®cantly more fragmented and abnormally distributed sleep than those with none or milder forms of these impairments. Age, BMI, degree of mental retardation and the studied medications played a minor role in the sleep disturbances of the study population. Finally, deafness was not found to be associated with any of the measured sleep±wake variables.
Two studies in mentally retarded children one based on interviews (Quine 1991) and the other on polygraphy (Shibakagi et al. 1985) have reported of positive correlation between locomotor disability and sleep disturbances. Moreover, in mentally retarded adults with quadriplegia a polysomnographic study has shown more respiratory disturbances and less changes in body position during the night compared with control subjects (Kotagal et al. 1994) .
The reports on how epilepsy aects the sleep of the mentally retarded are con¯icting. In questionnaire surveys of mentally retarded adults (Brylewski and Wiggs 1998) and children with San Filippo syndrome (Colville et al. 1996) epilepsy was not found to aect sleep. However, in a questionnaire study of mentally retarded children a positive relationship between epilepsy and sleep problems was found (Quine 1991) . In addition, an interview study of children with tuberous sclerosis has shown a clear association between epilepsy and sleep disturbances (Hunt & Stores 1996) .
There are several reports on blind profoundly mentally retarded subjects with devastating sleep disturbances which are usually because of the abnormal circadian regulation of the sleep±wake cycle (Okawa et al. 1987; Palm et al. 1997) .
Most sleep studies among the mentally retarded have relied on interviews and questionnaires directed to parents or other care takers (Brylewski and Wiggs 1998; Clements et al. 1986; Espie and Tweedie 1991; Hunt and Stores 1994; Quine 1991) . However, some researchers have succesfully used observation protocols to collect information about the sleep±wake behaviour of the mentally retarded (Piazza et al. 1996) . Observation has more widely been used in the assessment of sleep in nursing home inhabitants (CohenMans®eld et al. 1995; Meguro et al. 1990; Regestein and Morris 1987) . Cohen-Mans®eld et al. (1990) have shown that sleep assessment by observation both at 15-min and 1-h intervals by non-professional persons produces reliable information with good correlations to simultaneous polygraphic recordings.
Observation may be a particularily important method of sleep assessment among the mentally retarded, as polygraphic interpretation of sleep according to the traditional criteria is often dicult because of diuse slowing of the background activity and excessive epileptic discharges (Petre-Quadens 1972; Kotagal et al. 1994; Espie et al. 1998) . Also actigraphic measurement of sleep may be dicult because of the dierent degrees and types of locomotor disabilities present in these people.
Given the small number and somewhat contradictory results of the presently available studies, more information is needed about the role of neurological disabilities in the sleep disturbances of the mentally retarded people. In particular, no study has systematically assessed the in¯uence of multiple simultaneous handicaps on the sleep of the mentally retarded people. The present study was carried out to achieve reliable information about the relationship between neurological impairments and sleep±wake behaviour among mentally retarded people.
METHODS Subjects
All the residents of the Rinnekoti Rehabilitation Center for Mentally Retarded living in conditions with sta surveillance present for 24-h a day (310 altogether) were included. During the study six subjects died, ®ve moved away and three refused from the study. Three were excluded because they were afterwards found to have had an acute somatic disease during the recording days. The study was completed altogether in 293 subjects. Their median age was 40 (range 5±75 years). The median body mass index (BMI) was 21.0 (range 11.4± 45.9 Kg m ±2 ). All subjects received their usual medication during the study. Other characteristics of the study population are presented in Table 1 .
The etiology of mental retardation was re-evaluated for each subject by an experienced pediatric neurologist. The subjects with certain or highly probable etiological diagnosis were divided into nine speci®c groups (Table 2) whereas the subjects for whom the etiological diagnosis was uncertain or completely unrecognized fell into the unknown category. The level of mental retardation had previously been examined and the information was collected from the charts. In eight subjects it could not be determined because of severe multiple handicaps.
Subjects with no behavioural responses to auditory or visual stimuli, as judged by the neurologist and the caregivers, were considered as deaf or blind, respectively. Behavioral deafness was supported by missing click-evoked responses of the auditory nerve and brain stem in 10 of 16 cases. In the remaining six behaviourally deaf subjects the responses were either abnormal or were not be examined. Of the 23 behaviourally blind subjects nine had no pupillary reactions to light, and seven no recordable responses of the retina and cortex to red patterned light (LED-goggles). The level of locomotor disability was assessed by physiotherapists. It was graded as none/moderate, if the subject could walk or move with a rollator or wheel chair, and severe, if the subject could not move without help. The epilepsies, all with discharges in electroencephalography (EEG), had been diagnosed earlier. The frequency of epileptic seizures was obtained from the charts. Epilepsy was considered active if seizures of any type had been observed clinically during the last 2 years and latent if no seizures had been seen during this time.
Living conditions
The participants lived in households of ®ve to nine inhabitants. A bedroom was shared in average by two persons. The living conditions of each participant had been stable for at least a month. The subjects usually woke up or were woken up between 7.00 and 08.30 h for breakfast. Lunch and dinner were served 11.30±13.00 and 16.00±17.00 h, respectively. During the study the participants carried on with their sheltered work, school and other therapies in normal fashion. The subjects possible daytime sleep was interrupted for hygiene routines, appropriate therapies, medication and meals.
Usual bed times were between 20.00 and 22.00 h. During the night some subjects were woken up for toiletting. The sleeping positions of those with severe motor disabilities were changed once or twice during the night. This did not usually wake up the subjects.
Data collection
The data were collected by brief observations at 20-min intervals. Five randomly chosen 24-h periods starting and ending at 17.00 h were recorded from each subject. In order to calculate the level of interobserver agreement, two independent observers assessed simultaneously the sleep±wake status of 11 subjects in two dierent households. Altogether 207 observations were carried out in this fashion. In 93% (84±100%, mean and range) of the observations the two observers agreed on the sleep±wake status of the subject. The study protocol was approved by the local research ethics committee.
All observers were experienced sta members. They received personal training on the sleep observation protocol at the beginning of the study. The observation was carried out as part of the daily work. Each observer monitored only one subject at a time. The check-up procedure was standardized and carried out as follows. The observer entered the bedroom silently so that he was able to see the subjects face. If it was too dark, a dim¯ashlight could be used, but so that it was not directed at the subject. The decision about the sleep±wake status was based on the inspection of the eyes (whether open or closed), on the depth and regularity of breathing and on body movements. There was no speci®ed length for a single observation. However, it typically lasted for approximately 1 min.
After each observation a questionnaire designed for this purpose was ®lled in by answering to the questions: was the subject awake (yes/no) and was he in bed (yes/no). The following day the questionnaire was sent to one of the authors.
If the subject to be observed became acutely ill, a physician decided about the initiation of the observation session. Minor respiratory infections were not regarded as contraindications, however.
De®nitions and statistics
The ®ve variables describing the sleep±wake behaviour were calculated for each subject as a mean of the ®ve observation periods. Most variables (three of ®ve) did not follow normal distribution (Kolmogorov±Smirnov test, P < 0.05). Consequently, in all instances medians and ranges are used as descriptive ®gures.
Although the observations were carried out at short intervals, there is certain robustness in the information they carry because of the lack of continuous observation. This is the case despite the fact that the high number of recording days from each subject probably reduced this bias. Thus, the results are given as numbers of observations per day and not as hours and decimals. However, some results are also given as hour and decimal estimations to highlight their importance (all results that are expressed as observations/day can be turned into approximations of hours and decimals by dividing them by three).
Number of bed observations/day and number of sleep observations/day are used conventionally. Number of observed wake±sleep transitions/day was the number of times the subject was observed asleep after being observed awake during the previous observation. Number of daytime sleep observations/day was all sleep observations occurring between 08.00 and 20.00 h. Similarly, number of nighttime sleep observations/day was de®ned as all sleep observations occurring between 20.00 and 08.00 h. The proportion of daytime sleep observations of total number of sleep observations is expressed as percentage ( daytime sleep observations/all sleep observations %). Frequency distributions of all the studied sleep±wake variables were calculated for the whole study population.
For the evaluation of dierences in the sleep±wake behaviour variables between the dierent etiological groups (see Table 2 ), Kruskal±Wallis test was used. Multiple regression analysis was used to estimate the association of sleep±wake variables with each of the suspected risk factors, controlling for all the others. The multivariate model included all the subject characteristics that were suspected to show an eect on the sleep±wake behaviour: age, BMI, gender, level of mental retardation, presence of locomotor disability, blindness, deafness, epilepsy, and the usage of neuroleptic (of any kind), sleep provoking (benzodiazepines and/or other sedatives) and antideppressant medications (tricyclic antidepressants or serotonin selective reuptake inhibitors). All characteristics were included in the model as presented in Table 1 .
In the statistical analysis of subject characteristics and sleep± wake behaviour variables between the groups formed on the basis of the results of the regression analysis, Kruskal±Wallis test followed by Dunn's post test and chi-squared tests were used for the evaluation of continuous and categorial variables, respectively.
RESULTS
The overall sleep±wake pattern of the 293 subjects is shown in Fig. 1 . At least 70% of the subjects were observed asleep from 22.20 and 07.20 h. The maximum number of subjects (93%) was observed asleep around 00.40 h. Daytime sleep observations were most frequent around 14.20 h (c. 10% of the subjects observed asleep).
The medians and ranges of the variables decribing the sleep± wake behaviour of the whole study population are shown in Table 3 . The total number of sleep observations/day was found to be as high as 28 (median, range 11±44) corresponding to 9.3 h of sleep/day. The median percentage of daytime sleep observations of all sleep observations was low (2.9%, range 0±55.2). Moreover, the average observed sleep eciency was 74% [(number of sleep observations/number of bed observations)´100].
In order to analyze the frequency distridutions of the variables, histograms were drawn. Approximately 60% of the subjects were observed asleep for 24±32 times/day (Fig. 2a) . However, a signi®cant number of subjects (c. 10%) were observed asleep more than 32 times/day corresponding to >10.7 h of sleep/day. The number of nighttime sleep observations/day was between 21 and 30 in c. 75% of the subjects (Fig. 2b) . Approximately 20% of the subjects were not observed asleep between 08.00 and 20.00 h during any of the recording days (Fig. 2c) . However, there was a small group of subjects (slightly over 10%) with a large amount of daytime sleep observations (>4, corresponding to >1.3 h of daytime sleep/day). Similarly, daytime sleep observations formed generally only a minor proportion of all sleep observations (Fig. 2d ) but in some subjects the daytime sleep observations/ all sleep observations percentage was as high as 30±40. Most subjects were observed to have fewer than three wake±sleep transitions per day (Fig. 2e) . Nevertheless, there were subjects with a highly fragmented sleep revealed by the large number of observed wake±sleep transitions.
Etiology of mental retardation
The observed sleep±wake variables did not dier signi®cantly from each other between the etiological groups presented in Table 2 (Kruskal±Wallis test, P > 0.05).
Results of the multiple regression analysis
Multiple regression analysis was performed to ®nd out the factors that independently predicted the disturbed sleep±wake behaviour. The results of this analysis are presented in Table 4 .
The overall percentage of the variance explained (R 2 ) by the model varied between 13 and 45 depending on the variable. The variables best explained by the model were the number of bed observations/day, daytime sleep observations/all sleep observations percentage, the number of observed wake±sleep transitions/day and the number of daytime sleep observations/ day. The number of sleep observations/day and the number of nighttime sleep observations/day were somewhat less well explained by the present model.
As expected, the only signi®cant predictor for the number of bed observations/day was the presence of severe locomotor disability. However, all other variables were predicted by more than one factor. Increased amount of sleep observations/day and nighttime sleep observations/day were positively associated with BMI, whereas increasing age predicted decreases in both these variables. Increase in the number of nighttime sleep observations was positively predicted by the more severe level of mental retardation. Active epilepsy, in turn, predicted increase in the number of sleep observations/day, but not in the number of nighttime sleep observations/day. Blindness was, similarly to increasing age, a signi®cant predictor of reduced number of nighttime sleep observations/day. The variables that measured the amount of daytime sleep, the timely distribution of sleep and sleep fragmentation were best predicted by the neurological handicaps. Severe locomotor disabilty and active epilepsy both signi®cantly predicted increase in all three of these variables: the number of daytime sleep observations/day, the number of wake±sleep transitions/ day and the daytime sleep observations/all sleep observations percentage. Moreover, blindness was associated with an increase in the number of observed wake±sleep transitions/ day and the daytime sleep observations/all sleep observations percentage. There was also a trend for it (P 0.07) to be positively associated with the number of daytime sleep observations/day.
Unlike blindness, deafness was not signi®cantly associated with any of the sleep±wake variables. Of the three variables concerning the medications, the usage of neuroleptics was the only one with independent predictive value: it was associated with a reduced number of observed wake±sleep transitions.
As severe locomotor disability, blindness and active epilepsy were the most important independent risk factors for the disturbed sleep±wake behaviour, we wanted to ®nd out the eects of dierent combinations of these three impairments on sleep±wake behaviour. To achieve this, all subjects were divided into six groups (Table 5) with respect to the level of locomotor disability (none/moderate vs. severe), blindness (yes/no) and epilepsy (none/latent vs. active). The handicap combination groups with only a few subjects (£5) formed one group (group 6), in which blindness was always present but the levels of locomotor disability and epilepsy varied.
The resulting groups were rather similar with respect to the subject characteristics. However, some dierences could be observed (Table 5 ). The groups with severe locomotor disability (groups 2, 4, 5 and 6) had lower BMIs than the groups without it (groups 1 and 3) and, the groups that had a more severe associated handicap pro®le (groups 4 and 5) were younger and/or intellectually more severely retarded than those with a less severe associated handicap pro®le (groups 1, 2, 3 and 6).
There were several dierences in the sleep±wake behaviour variables between the formed handicap groups. As expected on the basis of the regression analysis, the total number of sleep observations/day was signi®cantly higher in the groups with active epilepsy (groups 3, 4 and 5) than in those without it. The sighted (groups 1±4) had signi®cantly more nighttime sleep observations than the blind (groups 5 and 6). In addition, more nighttime sleep was observed in the group Table 4 The results of the multiple regression analysis of the sleep±wake variables. The original sleep±wake behavior data were gathered by a standardized observation procedure at 20-min intervals for ®ve randomized 24-h periods during 4 months with the mildest handicap pro®le (group 1) and in the group with active epilepsy alone (group 3) than in the group with severe locomotor disability alone (group 2). The number of daytime sleep observations/day and daytime sleep observations/all sleep observations percentage were signi®cantly higher in the groups with one or more of the three neurological impairments (excluding the mixed group) than in the group without them (group 1). The group with both the active epilepsy and severe locomotor disability (group 4) had more daytime sleep observations than the groups with either one of these impairments alone (groups 2 and 3). Furthermore, in the subject group with all three impairments daytime sleep observations formed a very high proportion [15 (2.1±55.2%), median and range; group 5] of the total number of sleep observations. This was twice as much as in the group with the next severe handicap pro®le [7.8 (0±39.6%), median and range; group 4] and approximately ®ve times more than in all other groups (groups 1±3 and 6).
Similarly to the number of daytime sleep observations, sleep fragmentation was found to increase along with the worsening handicap pro®le. The subjects with severe locomotor disability or active epilepsy alone (groups 2 and 3) had signi®cantly more wake±sleep transitions/day than the subjects with the mildest handicap pro®le (group 1). The subjects with a combination of active epilepsy and severe locomotor disability (group 4) had, in turn, more observed wake±sleep transitions/day than the subjects with either one of these handicaps alone (groups 2 and 3). Finally, the subjects with all three handicaps (group 5) were found to suer from a severely fragmented sleep evident as twice as high a number of observed wake±sleep transitions than that seen in the group with the next severe handicap pro®le (group 4).
DISC USSION
The present study points to two important and clinically relevant issues. Firstly, among the mentally retarded the common associated neurological impairments (severe locomotor disability, blindness and active epilepsy) are independently predictive of signi®cant sleep±wake behaviour disturbances (increased daytime sleep and sleep fragmentation) and secondly, there is a trend for the sleep±wake behaviour to be more disturbed in subjects with two or more of these impairments combined.
Severe locomotor disability
The ®nding that severe locomotor disability predisposes mentally retarded subjects to disturbed sleep±wake behaviour is in line with the previous results of Quine (1991) and Shibakagi et al. (1985) . The reasons for this connection are probably multiple but may include some of the following. Hayashi et al. (1990) found reduced body position changes during the night in mentally retarded subjects with severe athetoid cerebral palsy. In addition, Kotagal et al. (1994) have reported increased sleep disruption among mentally retarded Table 5 . Characteristics of and comparisons between the groups with dierent neurological impairment pro®les. All subjects were observed at 20-min intervals for 5 randomized 24-h periods during 3.2 (0±34.0)
Age and BMI are presented as medians and ranges. Sleep variable ®gures are presented as medians and ranges of the ®ve 24-h observation sessions. Superscript numbers indicate the groups from which the signed group diers signi®cantly (normal font used when P < 0.05 and bolded font when P < 0.001). The numbers of observations/day can be turned into approximations of hours and decimals/day by dividing them by three.
subjects with quadriparesis, and suggest that this may be causally related to the inability to change position in bed. Another mechanism by which locomotor handicap may lead to sleep problems is through disturbed respiration. In the study by Kotagal et al. (1994) the majority of the subjects with mental retardation and severe cerebral palsy were found to have sleep disrupting respiratory disturbances (usually mixture of central and obstructive apnea or obstructive hypopneas) during sleep. The fact that in the present study severe locomotor handicap was predictive of increased daytime sleep and sleep fragmentation could speak for the presence of nocturnal respiratory disturbances also in our subjects.
The third reason may be the incontinence care during the night. This has been shown to be the case at least among the demented nursing home inhabitants (Cruise et al. 1998) . Incontinence care was carried out also in some of our subjects with severe locomotor disability and this may partly explain the observed sleep fragmentation and increased daytime sleep.
Apart from the direct physical consequences of a severe locomotor disability there may be other sleep disrupting mechanisms as well. Monk et al. (1997) have shown that 17 days of continuous bed rest in the absence of day-light attens the amplitude of the core body temperature rhythm and leads to poorer subjectively rated sleep quality. Nonambulatory subjects with mental retardation may be exposed to both of the above mentioned conditions: the restricted amount of physical activity and reduced levels of environmental light. Direct evidence for this does not exist to our knowledge, but the idea is supported by the ®nding that demented subjects in nursing homes (living in environmental conditions resembling closely those of the non-ambulatory subjects in our study) are exposed to limited amounts of bright light (Ancoli-Israel et al. 1997; Martin et al. 2000) . Thus, both the limited amount of physical activity and the inadequate exposure to environmental light together may have led to abnormal regulation of circadian rhythms and sleep disturbances among our non-ambulatory subjects.
Blindness
In the present study blindness was an independent predictor of increased daytime sleep and sleep fragmentation. This ®nding agrees with the several studies reporting high prevalences of severe sleep disturbances among the blind people with or without mental retardation (Sack et al. 1992; Leger et al. 1996; Stores and Ramchandani 1999) .
It is well known that the environmental light transmitted through the eyes is the most important regulator of circadian rhythms in humans (Miller et al. 1996) . In line with this, it has been shown that the sleep disturbances of the blind are often caused by the defective regulation of circadian rhythms (Sack et al. 1992) . Abnormalities of the circadian rhythm regulation were probably also behind the sleep disturbing eects of blindness in our study.
Epilepsy
Many studies have shown that the presence of epilepsy predisposes to sleep disturbances (Shouse and Mahowald 2000) . In the present study active epilepsy was an independent predictor of increased amount of total and daytime sleep. This ®nding cannot directly be addressed to the usage of antiepileptic drugs, as there is evidence that the tendency towards daytime somnolence persists in some epileptics even after the discontinuation of antiepileptic drug therapy (Palm et al. 1992) .
A better explanation for the association between active epilepsy and increased amount of daytime sleep could be the frequent nocturnal arousals known sometimes to be caused by the subtle seizure activity (Shouse and Mahowald 2000) . In favor of this assumption is that in the present study epilepsy independently predicted not only the increased daytime sleep but also the presence of increased fragmentation of sleep. Consequently, the large amount of sleep (especially daytime sleep) in our epileptics could have been secondary to epilepsy induced brief nocturnal awakenings.
There is also some evidence for the disturbed circadian rhythm regulation in epileptic subjects. For example, in one study patients with the Lennox±Gastaut syndrome and sleep problems were found to have more abnormalities in the daily rhythms of melatonin and cortisol than the subjects with the same syndrome but without sleep disturbances (Laakso et al. 1993) . However, further studies are needed to elucidate the relationship between circadian rhythm regulation, epilepsy and sleep disturbances.
Combinations of the neurological impairments
In the present study the most signi®cant sleep disturbances (increased daytime sleep, abnormal daily distribution of sleep and increased sleep fragmentation) were clustered to the subjects with the most severe disability pro®les. This was expected, as all three disabilities were separately found to be independent predictors of the suboptimal sleep quality.
Although there are some case reports on subjects with a combination of multiple neurological impairments and severe sleep disturbances (Okawa et al. 1987; Palm et al. 1997; Pillar et al. 1998) , no previous study has examined systematically the eects of multiple simultaneous handicaps on the sleep of mentally retarded people.
The present ®nding has an important clinical implication: it seems that the most severe sleep disturbances are likely to be found among the subjects with multiple disabilities who are the least able to complain of sleep related diculties. This calls for active search for sleep disturbances among mentally retarded people with multiple disabilities.
The subject characteristics among the disability groups diered with respect to BMI, age and level of mental retardation. However, these dierences probably did not account for the present ®ndings as none of them was independently predictive of the amount of daytime sleep, sleep fragmentation or the daily distribution of sleep (considered the most signi®cant variables from the clinical point of view and rather well predicted by the associated neurological impairments).
Body mass index, age, etiology and level of mental retardation
It is well known that obesity is a risk factor for sleep related breathing disorders causing disrupted night sleep and daytime sleepiness (Kronholm et al. 1996; Bassiri and Guilleminault 2000) . In our study BMI was associated with increased amount of nighttime sleep but not with increased daytime sleep or sleep fragmentation. However, our observation procedure assessed only behavioral sleep not daytime sleepiness. Furthermore, the robustness of our protocol probably also led to underestimation of brief nocturnal arousals which could have been present in these subjects. Thus, it is possible that the only observed eect of breathing related nighttime arousals in the present study was the compensatory increase in the amount of nighttime sleep (from 20.00 to 08.00 h).
Increasing age was related to decreased total and nighttime sleep in the present study. This agrees well with the previous studies showing that in the general population increasing age is probably associated with a decreasing amount of total sleep time (Buysse et al. 1992; Reyner and Horne 1995; Weissbluth 1995) . The reasons for this ®nding are probably multiple including the normal maturational processes of the central nervous system in childhood (Carskadon and Dement 2000) and the possible development of defective circadian rhythm regulation in the old age (Czeisler et al. 1992 ).
We could not ®nd any signi®cant dierences in the sleep± wake variables between the etiological groups. One reason for this ®nding could be the fact that the etiology of mental retardation remained unde®ned in a large number of subjects. Another reason may be that the groups even with known etiologies were probably heterogenous to a certain degree. For example, the impact of a perinatal cerebral hemorrhage on the sleep of a mentally retarded child or adult could be expected to vary depending on the location and severity of the insult. Furthermore, it is always somewhat arbitrary to classify the most important etiologic factor in a cascade of abnormalities appearing in the prenatal, perinatal and postnatal periods. However, the present ®nding may also be taken as indirect evidence for the suggestion that the existance of sleep disturbances among the mentally retarded depends more on the number and severity of the associated neurological impairments than on the etiology of the retardation itself.
Presence of severe to profound mental retardation was associated with an increased amount of nighttime sleep in our study. In the previous studies the connection between the level of mental retardation and sleep problems has rarely been assessed. In one study (Quine 1991) there was no direct association between sleep disturbances and the level of mental retardation. Possible explanation for the present ®nding could be that the original brain damage (that led to mental retardation at ®rst place) was more wide spread aecting to greater extent also the structures regulating sleep±wake behaviour in the subjects with a more severe mental disability than in those with milder forms of mental retardation.
Psychotropic medications
Several studies show the relationship between the psychiatric comorbidities and disturbed sleep±wake behaviour among the mentally retarded children and adults (Clements 1986; Piazza et al. 1996; Wiggs and Stores 1996; Brylewski and Wiggs 1998) . As the protocol of present study did not include psychiatric evaluation, we used the psychotropic medications as an indirect measure of psychiatric morbidity.
To the best of our knowledge, there are no previous studies concerning the eects of neuroleptics on the sleep of the mentally retarded. Our ®nding of neuroleptic medication being related to consolidation of sleep±wake behaviour is in line with the earlier results showing improved sleep continuity at least among schizophrenic patients after initiation of neuroleptic therapy (Salin-Pascual et al. 1999; Taylor et al. 1991) . However, chronic usage of neuroleptics has also been proposed to lead to insomnia-like symptoms (Staedt et al. 2000) .
C ON CL US IO N
In the present study severe locomotor disablity, blindness and active epilepsy were found to be independent predictors of increased daytime sleep and increased number of wake±sleep transitions. Moreover, the subjects with a combination of two or three of these impairments had a signi®cantly more fragmented and abnormally distributed sleep than those with none or milder forms of these impairments. These ®ndings warrant active search for sleep disturbances among the mentally retarded people with associated neurological impairments.
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